To compare the performance of the McGrath Mac ® and the Airtraq ® with the Macintosh laryngoscope for tracheal intubation. Design: A manikin study with different simulated difficult airway scenarios. Methods: Thirty intensive care unit (ICU) doctors (10 specialists and 20 non-specialists) performed intubation by using the 3 airway devices in the manikin with (i) normal airway, (ii) cervical rigidity, and (iii) tongue oedema. The intubation time, success rate, oesophageal intubation and number of episodes of dental injury were measured and compared. Results: The mean intubation time was significantly less by using the Airtraq ® comparing to the McGrath Mac ® in the manikin with normal airway (12.77 sec vs. 24.23 sec; p<0.001). Similarly, the mean intubation time was less by using Airtraq ® when comparing to the McGrath Mac ® in the manikin with cervical rigidity (12.73 sec vs. 17.5 sec; p=0.013). In the scenario of simulated tongue oedema, the mean intubation time of Airtraq ® was shorter than Macintosh laryngoscope (24.83 sec vs. 34.20 sec; p=0.011) while there was no difference between Airtraq ® and the McGrath Mac ® . Less dental injury was noted when using the Airtraq ® compared to the Macintosh laryngoscope in simulated cervical rigidity (p=0.005) and tongue oedema (p<0.001). Less dental injury was also noted when using the McGrath Mac ® compared to the Macintosh laryngoscope in simulated tongue oedema (p<0.001). Conclusion: Even with prior limited experience in using the McGrath Mac ® , the performance of tracheal intubation by using this new device is comparable with the Airtraq ® . The McGrath Mac ® can be a good alternative for tracheal intubation in difficult airway situations. (Hong Kong j.emerg.med. 2015;22:337-344) 
Introduction
Direct laryngoscopy is the standard technique to facilitate tracheal intubation during resuscitation. However, it is difficult to acquire this technique and a long training time is required to master the skills. 1 Situations that would cause failure in aligning the oropharyngo-laryngeal axes may result in difficult airway by using traditional direct laryngoscope. 2 Indirect laryngoscopes, e.g. the InnoScope ® , 3 the Airtraq ® , 4 the Glidescope ® , 5, 6 and the McGrath ® , 7, 8 have been introduced to facilitate tracheal intubation in difficult airway situation by optimising the visualisation of the vocal cords through either an optical or a video system. A study comparing indirect laryngoscopes, including the Glidescope ® , the McGrath ® , the Airtraq ® , with the Macintosh laryngoscope in simulated difficult airways showed that the use of indirect laryngoscopes were associated with lower rates of failure and shortened intubation times. 9 The McGrath Mac ® is a new product. Meanwhile, there is no study comparing this new device with the other commonly used indirect laryngoscopes and the Macintosh laryngoscope. In our centre, our intensive care unit (ICU) team is responsible for the in-hospital resuscitation and emergency endotracheal intubation except in the operation theatre and the paediatric department. We also provide support for emergency intubation in the accident and emergency department (AED) when difficult airway is encountered by the AED doctors. Indirect laryngoscopies are frequently used in difficult airway situation. The purpose of this study is to compare the performance of the McGrath Mac ® , the Airtraq ® and the Macintosh laryngoscopes ( Figure 1 ) by ICU doctors, who are responsible for the emergency endotracheal intubation in routine clinical practice, in simulated difficult airway scenarios.
Methods
We conducted a manikin study to compare the performance of two indirect laryngoscopes (McGrath Mac ® and Airtraq ® ), which were available in the ICU of Tuen Mun Hospital, with that of direct laryngoscope (Macintosh laryngoscope blade size 4) for tracheal intubation on a manikin.
Since there was no previous study on the performance of tracheal intubation by using the McGrath Mac ® , the sample size estimation in this study was based on previous studies on the McGrath ® and the C-MAC ® which were a similar designed airway management gadget. According to the previous manikin study comparing the Airtraq ® with the McGrath ® and the C-MAC ® , there was 20 to 30% difference in the duration of tracheal intubation between the Airtraq ® and the two airway management gadgets. 9 a power of 80%, and a type I error of 0.05 in this study. Therefore, 30 ICU doctors (10 specialists and 20 non-specialists) were recruited in this study and they were asked to perform tracheal intubation on a manikin using the three laryngoscopes.
All indirect laryngoscopes were used according to the manufacturer instructions. A gum elastic bougie was used to facilitate intubation if necessary. All intubations were performed by using a 7-mm cuffed endotracheal tube (ETT). External laryngeal pressure to facilitate intubation was not allowed.
Standardised training was provided for all participants at the beginning of the study. The training consisted of 10 minutes computerised presentation explaining the use of the laryngoscopes, followed by a 5 minute practical demonstration. The participants were then allowed to practise intubation on the manikin (Laerdal Airway Management Trainer) with the normal airway setting using the three laryngoscopes for 5 minutes. Constructive feedback was provided by the instructor. After completing the training session, each participant performed intubation by the direct and indirect laryngoscopes in the manikin with (i) normal airway, (ii) cervical rigidity (by applying a rigid neck collar), and (iii) tongue oedema.
The primary endpoint of this study was the time for tracheal intubation. The time taken to intubate was defined as the time from the first insertion of the blade between the teeth until the intubation was completed with the withdrawal of the laryngoscope from the mouth of the manikin. The timer was then stopped and the position of the ETT was confirmed by the presence of chest inflation using a self-inflating bag.
In case of oesophageal intubation, participants were allowed for further attempts of tracheal intubation by participants. A failed intubation was defined as a failure to intubate in less than 3 minutes or more than three attempts. The secondary endpoints were the rate of successful intubation, oesophageal intubation and the number of episodes of dental injury during intubation. The episodes of dental injury (indicated by the "click" sound during intubation) and oesophageal intubation were recorded. The participants were asked to indicate their preferred laryngoscope at the end of the study.
The Statistical Package for Social Sciences (SPSS) version 19.0 for Windows was used for analysis. Mean, standard deviation and range were used for descriptive analysis. The duration of intubation and the number of episodes of dental injury by using different laryngoscopes were compared by Kruskal-Wallis analysis. Mann-Whitney U test with Bonferroni correction was used for post-hoc multiple comparisons. The rate of successful intubation and oesophageal intubation were analysed using Chi-squared test or Fisher's exact test. The preferred choice of laryngoscope was shown in bar chart.
All the participants were volunteers and no real patient was involved in this study. Formal ethical approval was not required for manikin study according to the instruction of the ethics committee of the New Territory West Cluster.
Results
All the participants successfully performed tracheal intubations in the manikin with normal airway and cervical rigidity. There was one failed tracheal intubation in the manikin with simulated tongue oedema using the Macintosh laryngoscope. (Tables 3 & 4 ). There was no statistically significant difference in the intubation successful rate and the occurrence of oesophageal intubation among all the three laryngoscopes. Sixty-three percent of participants chose the Airtraq ® as their favourite laryngoscope ( Figure 2 ).
Discussion
We have shown that Airtraq ® was superior to Macintosh laryngoscope in terms of intubation time in difficult airway scenarios, i.e. simulated cervical rigidity and tongue oedema. These findings suggested that the use of indirect laryngoscopes in difficult airway scenarios may shorten the intubation time. Although it is not known that the absolute difference of intubation times is clinically significant, a shorter intubation time is crucial to minimise the duration of hypoxia especially during emergency intubation when adequate pre-oxygenation may not be possible.
We also found that the intubation time of Airtraq ® in normal airway scenario was shorter than McGrath Mac ® . This finding could be explained by the difference between the techniques of tracheal intubation using the Airtraq ® and the McGrath Mac ® . For the Airtraq ® , once the device had been passed over the back of the tongue, it took only a few seconds for the operator to optimise the view of glottis in normal patient and the endotracheal tube could be then inserted through the vocal cord with high successful rate once the an optimal glottis view was achieved. However, for the McGrath Mac ® , most of the participants required either stylet or Bougie to assist the insertion. Thus, more time was required for the assistant to cooperate with the participants to assist the intubation procedure including removing the stylet, providing the Bougie, and also rail-rowing the endotracheal tube. Another contributive factor could be due to the availability of these two airway gadgets. The Airtraq ® has been available in our unit for years and, thus, most of the doctors in the unit are more experienced in using Airtraq ® than the McGrath Mac ® which is a new airway gadget.
The intubation time was less by using Airtraq ® when comparing to the McGrath Mac ® in the manikin with cervical rigidity but there was no difference in the scenario of simulated tongue oedema. We proposed that in condition of neck rigidity, the alignment of oral-pharyngeal-tracheal axis was difficult to achieve. The Airtraq was more promising to provide an optimal view of the glottis with assisted tracheal intubation in this situation. On the other hand, the McGrath Mac ® provided a view of the glottis but we observed that most of the participants experienced difficulty in inserting the endotracheal tube due to failure to align an optimal oral-pharyngeal-tracheal axis. Some participants needed to adjust the angle of endotracheal tube with stylet for more than one times. In addition, the manipulation of the McGrath Mac ® was limited by the sternum of the manikin in condition of neck rigidity. These explained the better performance of using the Airtraq ® for tracheal intubation in condition with neck rigidity. In condition of tongue oedema, some operators experienced difficulty to elevate the tongue by using both devices to obtain an optimal view of the glottis. Thus, the time for tracheal intubation by using Airtraq ® was prolonged and an obvious difference of time of tracheal intubation by using the two devices could not be observed.
We also found that the incident of dental injury was lower with the Airtraq ® and the McGrath Mac ® when compared to Macintosh laryngoscope in simulated difficult airway. This showed another benefit of indirect laryngoscopes over direct laryngoscope when intubating difficult airway.
Our findings were consistent with a previous manikin study which compared the Glidescope ® , the McGrath ® , the Airtraq ® and the Macintosh laryngoscope in simulated difficult airway situations. In simulated tongue oedema, the Macintosh laryngoscope was associated with higher failure rate and prolonged intubation times whereas indirect laryngoscopes shortened the intubation time and had lower failure rate. It had also been shown that the Airtraq ® consistently provided the shortest time in the tracheal intubation. Although, both the Airtraq ® and the McGrath ® provided better laryngeal grade views, 9 the superiority of the Airtraq ® in simulated difficult airways in terms of shorter intubation time and less dental injuries were well demonstrated in other manikin studies. 10, 11 The McGrath Series 5 ® , which is another videolaryngoscope of the McGrath ® series, has been shown to improve the Cormack and Lehane laryngoscopy view grading by 1 to 3 grades and has a higher successful intubation rate compared to the Macintosh blade in simulated difficult airway situation. 12 Antolin et al have reported their experience in using this airway device in patients with difficult airway including substantial neck deformity, buccal burn contractures and obesity. They commented this airway device to be safe in managing difficult airway situations. 13 However, the clinical experience of using the McGrath Mac ® in real patients was still very limited. A case series from Japan suggested that the McGrath Mac ® could improve view of glottis opening in patients with morbid obesity. 14 From our experience, the McGrath Mac ® has a potential advantage over the Airtraq ® , which only provides a monocular glottis view. The McGrath Mac ® projects a high quality colour image to LCD video screen. The clinician can keep an upright posture without craning the neck while obtaining the glottis view. Furthermore, the assistants are able to visualise the airway that they could help to optimise the laryngoscopic view by providing external laryngeal pressure or adjusting patient's position to further improve the glottis view ( Figure 3) . The anti-fog system of the McGrath Mac ® also increases its usefulness in emergency intubation as fogging due to spontaneous ventilation does not hinder the glottis view.
Although, most of the participants were experienced in using the Airtraq ® and less familiar with the McGrath Mac ® , our study showed that the intubation time of using both airway devices in simulated difficult airway situations were comparable and both were superior to the direct laryngoscope in terms of reducing the number of dental injury. The Airtraq ® is the preferred airway gadget in our unit probably because it has been used to manage difficult airway in the past few years which we have abundant opportunities to acquire the technique and to build up competency. On the other hand, the McGrath Mac ® requires a similar technique as the conventional direct laryngoscopy. Thus, the time to familiar with this new airway device is expected to be shorter and this has been evident by the findings in this study. Considering the additional advantages of the McGrath Mac ® , we propose that it could be a good alternative for tracheal intubation in anticipated difficult airway. More clinical experience of using this new airway device in real patients with different difficult airway situation is warranted to validate its usefulness.
Limitations
There are a number of limitations in our study. Although we allowed the participants to be get familiar with all the laryngoscopes before the study, their previous experience of using the Macintosh laryngoscope and the Airtraq ® could influence their intubation time in this study. The mean intubation time of McGrath Mac ® in simulated cervical rigidity was shorter than that in the normal manikin. One of the explanations could be the participant might become more familiar to the new airway device during the second scenario although it was supposed to be more difficult. Furthermore, the sample size estimation of our study was based on the previous study by McElwain et al and the power of our study might not be optimal as the standard deviations of our result were larger than those reported by McElwain et al study. Moreover, standardised environment for tracheal intubation were provided in this manikin study. The findings of this study may not be perfectly extrapolated to real situation in which there are other challenging components of airway control including the use of sedation and muscle relaxant, constant distractions and management of patient with difficult airway in a crashing situation. In addition, the manikin is made of rigid plastic material which is different from human tissue and the presence of secretion, blood or vomitus in patients may also obscure the view of indirect laryngoscopes. These differences could affect the translation of the results from manikin study to real practice and the improvement of intubation time by using those indirect laryngoscopies may not necessarily translate to a significant improvement of the clinical outcomes, such as the aspiration rates and development of ventilator associated pneumonia and neurological outcomes. Lastly, the significant difference in the intubation time may not imply a clinical significance but a shorter intubation time could minimise risk of hypoxia especially during emergency intubation in patients with poor cardiopulmonary function and inadequate pre-oxygenation.
Conclusion
Although most of the participants have limited experience in using the McGrath Mac ® , the performance of tracheal intubation by using this new device are comparable with the Airtraq ® which has been used for long period of time in our unit. Most of the ICU doctors choose the Airtraq ® as their preferred laryngoscope but we suggest that the McGrath Mac ® can be a good alternative for tracheal intubation in difficult airway situations.
